Angle-resolved reflection inelastic electron scattering has been used to measure the dispersion of the surface plasmon for thick films of Na and K. The measured dispersion is negative at small momentum parallel to the surface as predicted by quantum-mechanical calculations of the dynamic response of the electrons at the surface of an interacting electron gas. A simple physical picture is presented to explain the origin of the negative surface-plasmon dispersion in simple metals. 
The first prediction of a surface plasmon came from Ritchie in 1957, followed by Stern and Ferrell in 1960 using a macroscopic dielectric treatment. The requirement that the normal component of the displacement vector be continuous in passing across the interface gives the criterion for a surface plasmon, i.e. , e(co, v) = -1, or for simple metals that co,v=co /W2, where co~is the bulk plasmon given by (4tcne /m) 1 (n is the electron density). Powell and Swan verified the existence of surface plasmons on surfaces of Al and Mg using reflection electron scattering.
Using a microscopic calculation of the dynamic response of the electrons at the surface of a "jellium solid" Harris and Griffin, Flores and Garcia-Moniner, and Feibelman all derived an expression for the dispersion of the surface-plasmon mode for small wave vector qt (nonretarded limit). Using Feibelman 's d(co) response functions the surface-plasmon energy co(q ) can be expressed as (qadi) =~svll -qit&di(~sv) -dpi(~sv) &/2+
The quantity d~~(co) is the position of the positive background edge, which can be set to zero without loss of generality. Fig. 4(a) , the induced charge is assumed to be "outside" the metal and in Fig.  4(b) the induced charge is depicted as being "inside" the metal. These two cases represent situations where d(ni,~) is positive and negative, respectively. In the nonretarded region, the electrostatic potential due to the induced charge is given by seen by the electrostatic potential created by the induced charge. ' The average density n, " is defined by the following equation:
n, "=g' dz n(z)i'(z)~t dz P(z), with the potential p(z) given previously in this paragraph and n(z) being the unperturbed electron-density profile. In the small-qt~approximation, Eq. (5) reduces to n, "=(n/2)(l -q~~d), which gives the same dispersion equation as deduced from more rigorous calculations and given in Eq. (1) (n is the bulk density).
Our data coupled with the simple physical picture presented in Fig. 4 prove that the induced screening charge at the surface of a simple metal is located outside the metal, in the tail of the charge densi-ty proftle
The centroid position is outside the jellium edge because the electrons spilling out into the vacuum are more compressible than the higher-density electron gas inside the solid.
The introduction to this paper indicated that the measured dispersion of the surface plasmon at small q could be used to test diAerent theoretical models of the charge-density profile at the surface. Before this can be done there are several issues that need to be addressed both experimentally and theoretically. The line width of the K plasmon shown in Fig. 2 indicates that there is some fundamental physics missing in our description of the surface plasmon, since "jellium" theory predicts no width at q~~= 0 (dashed line). The observed finite width could be a result of the damping due to the band structure of the solid or due to surface roughness. In either case, the magnitude of the measured dispersion should be a lower limit to the dispersion for an ideal fIat jellium solid. Another theoretical concern has to be the validity of RPA ' to treat the dynamics.
Liebsch has calculated the dynamic response at the surface of jellium using a "time-dependent local-density approximation" which includes a local approximation to exchange and correlation in the dynamical calculation. The conclusion from this calculation is that dynamical exchange and correlation has a large eAect on the surface-plasmon dispersion for the lower-density metals. There is over a twofold increase in d(co,n), compared to a RPA calculation, for K. Since there is no unique way of including exchange and correlation in the dynamics, diN'erent schemes need to be investigated.
